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C Mcriojib 30 BaHHeM MeTO^a rejib- 3 JieKTpo(j)ope 3 a 6 cjikob H 3 yHeHa reHeTHnecKaa CTpyK- 
Typa rioriyjiflUMH neTbipex bh^ob rejibMHHTOB ocTpoMop^OH JiaryiuKH Rana arvalis b cpaB- 
HeHHH c rioriyji^uHOHHO-reHeTHHecKOH CTpyKTypon xo 3 MMHa. Y riapa 3 MTOB mo cpaBHeHHK) 
C X 03 AMHOM CHJlbHee Bbipa>KeHO OTKJlOHeHMe OT paBHOBeCMfl reHOTMOMMeCKHX HaCTOT H Bbl- 
me CTerieHb Me)Krionyji^uMOHHbix reHeTMHecKMx pa 3 JiHHMH. lloKa 3 aTejiH reHeTHnecKOH H 3 - 
MeHHHBOCTH y xpex H 3 ueTbipex H 3 yMeHHbix bhaob rejibMHHTOB jiaryineK HH>Ke, neM y xo- 
3 JlHHa, H HH>Ke Cpe^HHX IIOKa 3 aTeJieH CB 06 o#HO>KHByiHHX 6 eCri 03 B 0 H 0 HHbIX >KHBOTHbIX, 
hto He corjiacyeTca c upe^CTaBJieHHeM 06 hx iiojinrocTajibHocTH h uihpokom pacripocTpa- 
HeHHH. 

Knioneebie cnoea : rejibMHHTbi, Rana arvalis , rionyjiMUHOHHO-reHeTHHecKafl CTpyKTypa, 
GeJIKOBblH HOJlHMOp(J)H 3 M, reTep 03 HrOTHOCTb. 


Hccne^OBaHHe nonyjnmHOHHOH CTpyKTypbi napa3HTHHecKnx opraHH3MOB 
Bbi3biBaeT 6ojibinoH HHTepec, ho tjo chx nop ocTaeTCH TpyzjHO pa3peniHMOH 3a- 
^aneH. 3to CB5i3aHO c ^ByMepHOCTbK) hx cpe/jbi o6nTaHHH, HajinnneM cjio>KHbix 
>KH3HeHHbIX UHKJIOB H HCpaBHOMCpHblM paCnpe^CJICHHeM B nonyjlflUHflX X03H- 
eB. 3to Bbi3biBaeT Heo^H03HanHOCTb TpaKTOBOK noHHTHH nonyjiHunn y napa- 
3htob, Tpy^HocTn npH onpe,ae.neHHH ee rpaHHU n TeppHTopun o6nTaHH5i, npn 
KJiaccn(})HKauHH BHyTpHnonyjiHunoHHbix no£pa3£ejieHHH (PoHTMaH, 1982; 
TpaHOBHH, 1996; EajiamoB, 2000). PemeHne 3thx BonpocoB Tpe6yeT Haiconjie- 
HH5i 6ojibmoro (JiaKTHHecKoro MaTepnajia o CTpyKType nonyjiflijHH caMbix pa3- 
hmx rpynn napa3HTOB. H3yneHHe nonyjiHUHOHHOH CTpyKTypbi jno6bix bh/job, b 
tom nncjie napa3HTHHecKHx, Ha cobpcmchhom 3Tane He bo3mo>kho 6e3 npnMe- 
HCHHH reHeTHHeCKHX MCTO^OB. HOBblC MeTO^bl H3yneHH51 nOJTHMOp4)H3Ma 
nyTeM ceKBeHnpoBaHHH hjih niI,P-aHajiH3a 6ojiee uojxxojx^t jijm BbiHCHeHHH 
cnopHbix BonpocoB CHCTeMaTHKH h (J^HJioreHHH. J\iin 3KOJiornnecKHx nccjie^o- 
BaHHH — b oueHKe CTeneHH reTeporeHHoc™ oco6en b nonyjiflijHflx npe^non- 
THTCJibHee MeTo^bi yneTa peajiH30BaHHOH b (j^HOTHnax reHeTHnecKOH H3MeH- 
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HHBOCTH. MeTOA reJlb-3JieKTpO(j)Ope3a SeJIKOB, CTaBIHHH KJiaCCHHeCKHM MeTO- 
AOM H3yneHH^ BHyTpHnonyjnmHOHHOH CTpyKTypbi, o6jiaAaeT bbicokoh 
pa3pemaiomeH enoeo6HOCTbio, a pe3yjn>TaTBi, nojiynaeMbie MeTOAaMH aHajiH3a 
AHK h 3JieKTpoc}3ope3a 6ejiKOB, xoporno KoppejinpyioT Me>KAy co6oh (Cacjibfl- 
HOBa, 2001). CneAyeT OTMeraTb, hto H3yneHHe nonyjwuHH napa3HTOB TpeOyeT 
napajuiejibHoro HcejieAOBaHHii nonyjniuHOHHOH CTpyKTypbi xo35ieB, nocKOJibKy 
nonyji^AHOHHO-reHeTHHecKHe B3aHMOAeiicTBH5i MOKAy hhmh, no-BHAHMOMy, 
onpeAejwioT MHorae acneKTbi hx B3aHMOOTHOiiieHHH Ha HaAopraHH3MeHHOM 
ypoBHe (KoHTpHMaBHHyc, 1982; AcjjaHacbeB h AP-, 1999; Meagher, 1999). 

Uejibio AaHHOH pa6o™ 6bijio cpaBHHTejibHoe H3yneHHe reHeTHHecKOH 
CTpyKTypbi conpiDKeHHbix nonyjniuHH napa3HTOB h xo3^eB (Ha npHMepe oct- 
poMopAOH ji^ryuiKH h ee rejibMHHTOB). J\jik AOcra^KeHHH ijejin pemajincb ejie- 
Ayiomne 3aAanH: 1) H3yHHTb reHeTHHecxyio CTpyKTypy B3aHMOCB^3aHHbix 
nonyji^AHH ocTpoMopAOH jraryiiiKH h ee rejibMHHTOB; 2) cpaBHHTb cocTO^Hne 
reHeTHHecKOH CTpyKTypbi nonyjniuHH xo3flHHa h pa3Hbix bhaob napa3HTOB 
b pa3Hbix 3KOJiorHHecKHx yejiOBHsx; 3) onpeAeJiHTb CTeneHb Me>KnonyjnmH- 
OHHblX TeHeTHHeCKHX pa3JIHHHH X035IHHa H napa3HTOB; 4) OljeHHTb ypOBHH 
reHeTHHecKOH H3MeHHHBOCTH rejibMHHTOB H HX COOTHOUieHHe C ypOBHeM 
H3MeHHHBOCTH X0351HHa. 


MATEPHAJ1 H METO^MKA 

OObeKTOM HccjieAOBaHH^ cjiy>KHJia ocTpoMopAan jwryiiiKa Rana arvalis 
Nilsson, 1842 H3 pa3JiHHHbix paiiOHOB 3anaAHOH Ch6hph h ee napa3HTbi — Jie- 
roHHbie TpeMaTOAbi Haplometra cylindracea Zeder, 1800 h HeMaTOAti Rhabdias 
bufonis Schrank, 1788, KHinenHbie HeMaTOAbi Oswaldocruzia filiformis Goeze, 
1782 h Cosmocerca ornata Dujardin, 1845. Bcero OTJiOBJieHO 446 ocodeii jw- 
rymeK, H3 hhx 124 oco6h — b Hn>KHe-TaBAHHCKOM p-He TioMeHCKOH o6ji. b 
OKpecTHOCT5ix 03. Kynax, b nepTe r. Tiomchh Ha TeppHTopnn jieeonHTOMHH- 
Ka — 91 oco6b, b r. HpOme Cbcpajiobckoh o6ji. — 81 oco6b, b okpccthocthx 
c. HoBo6epe30BKa ApoMameBCKoro p-Ha TioMeHCKOH o6ji. — 150 oco6en. Hp- 
6ht xapaKTepn3yeTc^[ KaK KpaimM 3anaAHa*i TOHKa H3 HCCJieAOBaHHbix, ApoMa- 
rneBO HaxoAHTC^ Ha 360 km BocTOHHee h Ha 1° io>KHee Hp6nTa. Kynax h Tio- 
MeHb 3aHHMatOT npoMe>KyTOHHoe, paBHoyAajieHHoe ot KpaiiHHx nyHKTOB nojio- 
>KeHHe, npnneM Kynax HaxoAHTCfl ceBepHee Tiomchh Ha 70 km (pnc. 1). 
riapa3HTOB Ao6biBajiH, BCKpbiBaa JierKHe h >KejiyAOHHO-KHmeHHbiH TpaKT xo35i- 
eB (HBauiKHH h Ap., 1971). OnpeAeneHne rejibMHHTOB npoH3BOAHJiH no Pbdkh- 
KOBy h Ap. (1980). 

,fl,ji5i 3JieKTpocjiopeTHHecKoro aHajiH3a Hcnojib30BajiH cKejieTHbie Mbimubi jim- 
ryrneK, npo6bi KOTopbix xpaHHjin b 3aMopo>KeHHOM coctoahhh. IlepeA 3 JieKT- 
pocJiopeTHnecKHM HccjieAOBaHHeM TKaHb roMoreHH3npoBajiH b Tpnc-HCl 6y- 
(Jiepe (pH 8.3), AeHTpHcjjyrnpoBajiH npn 3 000 o6/mhh b TeneHne 30 mhh, cy- 
nepHaTaHT CMeuiHBajiH c 40%-hbim pacTBopoM caxapo3bi, noAKpameHHbiM 
6pOM(JieHOJ10BbIM CHHHM, H BHOCHJ1H B JiyHKH TOIM. M3BJieHeHHbIX H3 TKaHCH H 
OTMbiTbix b (JiH3HOJiorHHecKOM pacTBope HepBeii 3aMopa^cHBajiH, 3aTeM roMore- 
HH3iipoBajiH uejiHKOM b cjioccjjaTHOM 6yc}jepe, OTCTaHBajiH b TeneHHe nojiynaca 
Ha jibAy, AaJiee npo6bi totobhjih onncaHHbiM Bbirne cnoeo6oM. ,fl,ji5i pa3AeJieHii5i 
6cjikob npHMeH5uiH CTaHAapTHbiii MeTOA 3JieKTpoc}iope3a b 7.5%-hom nojinaK- 
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Phc. 1. PaHOHbi c6opa MaTepnajia. 

1 — r. Hp6nT Cbcp^jiobckoh o6ji., 2 — okpccthocth 6nocTaHUHH « 03 cpo KynaK» Hn/KHc-TaBanHCKoro p-Ha 
Tiomchckoh o6ji., 3 — r. TiOMCHb, 4 — c. HoBo6cpc30BKa ApoMamcBCKoro p-Ha Tiomchckoh o6ji. 

Fig. 1. Collection localities. 

pHjiaMHAHOM rejie c ncnojib30BaHneM Tpnc-3,H,TA-6opaTHOH 6yc})epHOH cncTe- 
mbi (pH 8.0) n rejieBOH Tpnc-3^TA-6opaTHon CHCTeMbi (pH 8.6) (Maypep, 
1971). r ncToxHMHHecKoe OKpaiiiHBaHHc Ha MajiaTAerHAporeHaay HA,H,cJ)-3aBH- 
CHMyio (1.1.1.40), acnapTaTaMHHOTpaHC(J)epa3y (2. 6. 1.1.), jiaKTaTAernAporeHa- 
3y (1.1.1.27), cynepoKCHAAHCMyTa3y (1.15.1.1.), HecneuH(J)HHecKHe 3CTepa3bi 
(3.1.1.1, 3.1.1.2), MHoreHbi h o6iahh 6ejiOK (c Hcnojib30BaHHeM KpacnTemi 
aMHAO-nepHoro BE) npoBOAunn no KoponKHHy h AP- (1977). no pe3yjibTaTaM 
3JieKTpo(j)opeTHHecKoro aHauH3a paccnnTaHbi (J^aKTHHecKne h TeoperanecKne 
nacTOTbi reHOTnnoB b cooTBeTCTBnn c 3aKOHOM XapAH-BanH6epra, aojth no- 
JTHMOp(j)HbIX JTOKyCOB H CpeAHflfl reTep03Hr0TH0CTb Ha JIOKyC no Ka^KAOH H3y- 
naeMOH Bbi6opice. B xanecTBe noKa3aTejni nojiHMop(j)HOCTH ncnojib30BajTH 
95%-HbIH KpHTepHH (XeApHK, 2003). 


PE3yJIBTATbI H OBCY/KAEHHE 

cpaBHHTejibHoro aHajiH3a reHemnecKOH CTpyKTypbi B3anMOAOHCTByio- 
mnx nonyjniAHH rejibMHHTOB n xo3HHHa ncnojib30Bajin nacTOTbi ajuiejien 6eji- 
KOBblX JTOKyCOB. Y OCTpOMOpAOH JIHryiUKH H3 13 H3yneHHbIX JTOKyCOB 7 (Aat-2, 
Sod, Ldh, Mdh, My-1, My-2 n My-4) OKa3ajrncb nojiHOCTbio mohomop^hbi bo 
Bcex paHOHax. nonyjiflunn JwrymeK lora TiOMeHCKon o6jt. (Kynaic, Tio- 
MeHb, ApoMameBo) xapaKTepHbi BbicoKas nacTOTa dbicTporo ajureji h no jiOKycy 
My-3, cooTHomeHne reHOB 350:650 no JiOKycy Aat-1 (Ta6jr. 1). B Hp6nTe no 
JiOKycy My-3 npeo6jraAaeT ajibTepHaTHBHbin amiejib, cooTHomeHne nacTOT 
reHOB no JiOKycy Aat-1 paBHO 284:710, xaparrepHa 6ojree Bbicoicafl nacTOTa 
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Ta 6 ji h 14 a 1 

HacTOTbi ajinejieH GejiKOBbix JioKycoB y ocTpoMop^ow jinryuiKH 


Table 1. Allele frequencies at protein loci tested in moor frog and helminthes 


Jloicyc 

Ajuiejib 

HpOIIT 

KynaK 

TioMeHb 

ApoMameBo 



OcTpoMop^a^i jiaryuiKa 



Es-1 

105 

0.132* 

0.122* 

0.227* 

0.264* 


100 

0.257 

0.356 

0.432 

0.351 


95 

0.610 

0.522 

0.341 

0.385 

Es-2 

100 

0.473 

0.422 

0.773 

0.567 


94 

0.527 

0.578 

0.227 

0.433 

Es-3 

100 

1.000 

0.725 

0.932 



89 


0.275 

0.068 


Aat-1 

140 

0.284 

0.378 

0.41 

0.313* 


100 

0.716 

0.622 

0.659 

0.687 

My-3 

100 

0.123* 

0.955 

0.787 



90 

0.877 

0.045 

0.214 


My-5 

100 

0.883* 

0.643 


0.641 


73 

0.117 

0.357 


0.359 

OGtdCm bw6opkh 

81 

124 

91 

150 

riOJlMMOpcjjHOCTb, 95 % 

0.385 

0.385 

0.417 

0.364 

FeTep03Mr0TH0CTb 

0.129 

0.191 

0.102 

0.135 



Haplometra cylindracea 



Aat 

140 


0.500 

0.333 

0.575 


100 


0.500 

0.667 

0.425 

Es-1 

108 

0.071 

0.073 


0.154 


102 

0.036* 

0.271* 


0.397 


100 

0.893* 

0.656 

1.000 

0.449* 

EejioK-3 

120 

0.417 

0.125 

0.063 



100 

0.583* 

0.875 

0.938* 


06bew bw6opkm 

14 

48 

15 

39 

riOJlHMOptj)HOCTb, 95 % 

0.250 

0.250 

0.286 

0.167 

f eTepo3nroTHOCTb 

0.113 

0.059 

0.149 

0.057 



Oswaldocruzia fdiformis 



Es-1 

114 


0.060 

0.071 

0.125 


110 

0.182 

0.240 

0.214 

0.125 


100 

0.818 

0.700 

0.714 

0.750 

Es-2 

105 

0.045 



0.375 


100 

0.955 

1.000 

1.000 

0.625 

Es-3 

100 

0.813 

1.000 

1.000 

1.000 


93 

0.187 




OGbCM BblOOpKH 

14 

29 

14 

8 

nOilMMOpcj)HOCTb, 95 % 

0.286 

0.143 . 

0.143 

0.286 

r eT c po 3 M TOT H OCT b 

0.069 

0.083 

0.061 

0.107 
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T a 6 jt h u a 1 ( npodonotcemie ) 


JloKyc 

Ajuieub 

Hp6nT 

KynaK 

TFOMeHb 

ApoMatueBO 



Rhabdias bufonis 



Es-1 

120 

0.238 

0.056 


0.250 


110 

0.667 



0.125 


100 

0.095 

0.944 

1.000 

0.625 

Es-2 

110 

0.054 


0.250 

0.125 


105 

0.284 

0.167 


0.250 


100 

0.662 

0.833 

0.750 

0.625 

Es-3 

106 

0.339 

0.833 

0.500 



100 

0.661 

0.167 

0.500 


Es-4 

100 

0.701 





82 

0.299 




Es-5 

100 

0.552 





93 

0.448 




06i>eM Bbi6opKH 

90 

18 

12 

8 

riOJlHMOp(j)HOCTb, 95 % 

0.385 

0.333 

0.222 

0.250 

FeTep03Hr0TH0CTb 

0.129 

0.038 

0.166 

0.156 



Cosmocerca ornata 



Ldh-1 

109 




0.333 


100 




0.667 

Ldh-2 

100 




0.833 


80 




0.167 

Aat 

120 




0.333 


100 




0.667 

Es-1 

110 

0.188 





106 

0.188 



0.583 


100 

0.625 



0.416 

Es-2 

103 

0.107 



0.667 


100 

0.893 



0.333 

Es-3 

105 

0.969 





100 

0.031 




Es-4 

110 

0.625 





100 

0.375 




06i>eM Bbi6opKH 

22 



12 

riOJTMMOp(J)HOCTb, 95 % 

0.500 



0.556 

FeTep03M FOTHOCTb 

0.190 

1 


0.130 


n p h m e h a h h e. 3aecb n aanee * — pa3JinHii* Me>Kay panoHaivin aocTOBepHbi no cpaBHeHino c Han- 
MCHbLLIHM (Han6oJIblIIHM) 3HaHeHHCM 113 cpaBHHBaeMbix (P < 0.05). 


6bicxporo ajurejTH no jiOKycy My-5 n MezmeHHoro — no noKycy Es-1. Pacnpe- 
Aenenne nacTOT reHoranoB no nojinMopcfmbiM noKycaM He OTKJiOHfljiocb ot 
paBHOBecn^ Xap,aH-BaHH6epra bo Bcex nccjie^OBaHHbix nonyjnmnflx, 3a hck- 
jiKDHeHneM TOMeHCKOH, nje no JiOKycy Es-1 HaSjno^ajin HeziocTaTOK reTepo3n- 
roT. 3to Mo>KeT 6biTb o6ycjioBjieHO TeM, hto Ha yp6aHH3npoBaHHOH TeppnTO- 
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pHH 3eMH0B0,z],Hbie eoxpaH5HOTC5i b onpeAejieHHbix MecTax b6jih3h BO^oeMOB 
H H30JIHp0BaHBI B 3HaHHTeJIbHOH CTeneHH OT ^pyrHX TaKHX MeCT odHTaHHfl. 
B H30JiHpoBaHHbix nonyjiflurax Ha reHeTHnecxyio CTpyKTypy CHJibHee bjihaiot 
reHeraKO-aBTOMaTHHecKHe npoijeccbi, cnocodcTByiomHe noBbmieHHio tomo3h- 
roraocTH. noKa3aTeJiH nonHMop(|)HOCTH h reTepo3HroTHOCTM b pa3Hbix nony- 
Jimxunx OCTpOMOp^OH JlflryillXH ^OCTOBepHO He pa3JIHHaiOTCjI Me>KAy co6oh H B 
uejiOM y Rana arvalis ^OBOJibHO bhcokh no cpaBHeHHio c ^pyraMH BH^aMH aM- 
(|)h6hh. SxojiornHecxne MexaHH3Mbi, cnocodcTByiomHe noBbmieHHio H3MeHHH- 
bocth y ocTpoMop^OH jiflrymxn, 3aKJiioHaK)TCH b ee ninpoKOM pacnpocTpaHe- 
HHH H 3Bpn6HOHTHOCTH H CB5I3aHbI C pa3HOHanpaBJieHHbIM AeflCTBHeM OT6opa B 
pa3JIHHHbIX yCJlOBHHX cpe^bl. 

y TpeMaTo^bi Haplometra cylindracea m 12 JiOKycoB nojiHOCTbio moho- 
Mop(J)Hbi 9 (Sod, Ldh, Mdh, Es-2, Es-3, 6 ejiOK-l, 6ejiOK-2, 6ejiox-4 h 6ejiOK-5). 
Tax >xe xax y jnirymex, aana^Han h BOCTOHHas nonyjiflUHH renbMHHTa neTxo 
pa3JiHHaioTC5i no nacTOTaM reHOB Jioxyca Eenox-3, ho H3MeHHHBOCTb HMeeT 
npoTHBonojio)XHbiH xapaxTep — b TioMeHCxnx nonynamnix £OCTOBepHO Bbirne 
nacTOTa Me^JiOHHoro ajuiejia. Pacnpe^ejieHHe reHOTHnnHecxnx nacTOT b Hp- 
Sme n TioMeHH no BceM nojiHMopcjmbiM noxycaM He paBHOBecHO (P < 0.001). 
B 3thx panoHax y H. cylindracea OTcyTCTByiOT HexoTopbie reHOTnnHHecxne 
xjiaccbi, xpoMe Toro, b nonyjiaaHH «TK)MeHCXHx» rannoMCTp noHH>xeHbi nojiH- 
MOp(j)HOCTb H reTep03HF0TH0CTb. 3 t0 MOTKQT 6bITb CBH3aHO C TeM, HTO Ha yp6a- 
HH3HpOBaHHbIX TCppHTOpHflX CXJia^blBaiOTCfl HeSjiaronpHflTHblC yCJIOBHfl JXJin 
peajiH3aunn nx )XH3HeHHoro unxjia. Eipn btom OTXJiOHeHHe ot paBHOBecHfl y 
rejibMHHTa Bbipa>xeHO CHJibHee, neM y Jiflrymxn. TaxHM o6pa30M, H3MeHeHne 
ycjiOBHH cpe^bi b pa3Hon CTeneHH exa3biBaeTC5i Ha coctohhhh nonyjiflUHH xo- 
3«HHa h napa3HTa, Tax xax Ha reHCTHneexyio CTpyxTypy nonyjnmHH reTepo- 
xceHHbix renbMHHTOB oxa3biBaeT BJinsHne hc TOJibxo yxy^meHHe BHemHen 
cpe,ztbi, ho h cpe^bi 1 -ro nop5mxa — nonyjnmHH HecxojibXHx xaTeropnn xo3H- 
eB. Han6ojiee onTHMajibHbie dnoreoueHOTHHecxHe ycjiOBHfl exjia^biBaioTCfl jinn 
«apoMameBCxon» nonyjnnjHH H. cylindracea , o neM roBOpHT paBHOBecne reHO- 
THnHHecxnx nacTOT, 6ojiee Bbicoxne oueHxn H3MeHHHBoera h Bbicoxne noxa3a- 
TeJlH HHBa3HpOBaHHOCTH X035ieB (Tadn. 2). 

y napa 3 HTHpyK)U 3 Hx b xnmeHHHxe jrarymex HeMaTO^ Oswaldocruzia fdifor- 
mis H3 7 H 3 yneHHbix JioxycoB MOHOMopcJmbi 4 (Aat, Ldh, Mdh-1, Mdh-2). Flo 
Jioxycy Es-1 Hadjiio^aeTCH nocTOSHCTBO reHHbix nacTOT bo Bcex H3yneHHbix 
nyHXTax: dbicTpbin amiejib pe^ox hjih OTcyTCTByeT, MeAJieHHbin — HanOonee 
pacnpocTpaHeHHbin. PacnpeAeneHne nacTOT reHOTnnoB OTXJioHHeTCH ot paBHO- 
BecHH b Handojiee MajionHCJieHHbix nonyjnmnflx HeMaTOA — b apoMameBCxon 
no Es-2 h b np 6 nTCX 0 H — no Es-3, b o6ohx cuyna^x b CTopoHy He^ocTaTxa re- 
Tepo3nroT. noxa3aTejin reTepo3nroTHOCTH b pa3Hbix nonyjinuHHx O. filiformis 
AOCTOBepHO He OTJinnaioTCH. y HeMaTO^, HMeiomnx npocTon MOHOxceHHbin 
)XH3HeHHbIH UHXJI, H3MeHeHHfl TeHeTHHeCXOH CTpyXTypbl Ha yp 6 aHH 3 HpOBaH- 
hoh TeppnTopnn Bbipa>xeHbi MeHbme, neM y TpeMaTO# h conocTaBHMbi c cocto- 
5mneM nonyjiHUHH xo35iHHa. 

y Rhabdias bufonis H3yneHO 13 JioxycoB H3 hhx 8 (Aat, Ldh-1, Ldh-2, Mdh, 
Es-7, Es- 8 , 6ejiox-l h 6ejiox-2) MOHOMopcj)Hbi. y HeMaTO^ H3 hp6htcxoh h apo- 
MameBcxon nonyjnmHH odHapy^ceH nojiHMop(J)H3M no Jioxycy Es-1, npnneM b 
MpdnTcxon npeodna^aeT amiejib c npoMe^cyTOHHon no^BH>xHOCTbK), b apoMa- 
meBCxon — Me,z],.neHHbiH amiejib. TioMeHcxne h xynaxcxne pad^Hacbi moho- 
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T a 6 ji m u a 2 

rioKa3aTejiii 3apa>KeHH0CTM ocTpoMopAon jiaryiiiKii rejibMHHTaMii 


Table 2. Indices of the moor frog invasion with the helminthes 


Bmibi 

rejibMHHTOB 

noKa 3 aTejib 

HHBa 3 HH 

Hp6l!T 

XynaK 

TiOMeHb 

ApoMameBO 

Rh. bufonis 

3KCTeHCMBH0CTb 

96.3* 

52.8 

40.9 

31.6 


MHTeHCHBHOCTb 

21.7 ± 2.9* 

4.6 ±0.2 

2.3 ±0.4 

3.8 ±0.6 

C. ornata 

3KCTeHCHBH0CTb 

39.5* 

30.3* 

4.6 

47.7* 


MHTeHCHBHOCTb 

2.9 ±0.5 

2.3 ±0.2 

1.0 ± 0.0 

1.9 ±0.2 

0. filifonnis 

3KCTeHCHBH0CTb 

29.6 

60.4* 

90.9* 

43.2* 


MHTeHCHBHOCTb 

2.5 ±0.4 

5.5 ±0.5 

7.9 ± 3.3 

2.3 ±0.2 

H. cylindracea 

3KCTeHCHBH0CTb 

19.8 

47.6 

45.5 

63.2* 


i MHTeHCHBHOCTb 

3.7 ± 1.9 

3.3 ±0.1 

3.6 ± 1.2 

4.3 ±0.4 


Mopcfmbi no Me^JieHHOMy ajuiejno. IIo JioKycy Es-2 bo Bcex nonyjnnjHflx npeo6- 
na^aeT Me^JieHHBin ajuiejib. rcHOTnnnHecKne nacTOTbi no bccm nojiHMop(|)HbiM 
jioxycaM b nonyjninrax R. bufonis H3 TK)MeHH n ApoMameBO, n no o^HOMy jio- 
xycy b nonyji^nnn H3 oxpecTHOCTen Kynaxa otkjioh5hotc51 ot paBHOBecHfl. 143- 
MeHnnBocTb HeMaTOjj b 3thx paftoHax no cpaBHCHHio c IdpSnTOM cy>xeHa. 
rio-Bn^HMOMy, onTHMajibHbic ycnoBH^ j\jin cymecTBOBaHHH nonyjMnjHH R. bu¬ 
fonis CKJia^biBaioTCfl TOJibKO b Mp6nTe. 06 otom >xe CBn^eTenbCTByiOT n bbico- 
Kne noKa3aTejin HHBa3npoBaHHocTn HeMaTO^on npSnTCKnx jiarymex (Ta6ji. 2). 

HeMaTO^a R. bufonis n TpeMaTO^a H. cylindracea , o6nTaion^ne b nerKnx jw- 
ryrneK-— aHTaroHHCTbi. Cjie^CTBncM ocTpon mokbh^oboh KOHKypcHLtnn hbjih- 
eTC n nx pa3,aejibHa^ BCTpenaeMOCTb n pa3JiHHH5i pacnpocTpaHeHnn b nonyjiHLtn- 
jix Jiaryuiex. 3apa>xeHH0CTb Jiarymex HeMaTO^aMH c 3ana^a Ha boctok yMeHb- 
maeTca, TpeMaTo^aMn — yBejiHHHBaeTCfl (Ta6ji. 2). KoHKypeHijHfl rejibMHHTOB, 
nO-BH^HMOMy, MO)KeT 6bITb O^HHM H3 (})aKTOpOB, CnOCoSHbIX nOBJIHJITb Ha co- 
CTOHHne nx nonyjiHunn. OTKJiOHeHne ot paBHOBecns Xap,nH-BaHH6epra b no- 
nyjumnflx R. bufonis n H. cylindracea cnjibHee Bbipa>xeHO b Tex panoHax hc- 
cjie^OBaHH^, r,zje Bbicoxa 3apa>xeHHOCTb jiarymex napa3HT0M—KOHKypeHTOM. 

Y napa3HTnpyK)mnx b KHHieHHHxe jwrymex HeMaTO^ Cosmocerca ornata m 
] 1 nccne^OBaHHbix JioKycoB noJiHOCTbio mohomop^hh TOJibKO 4 (Es-4, Es-6, 
Es-7, 6ejioK-l). y HeMaTOA H3 ApoMameBCKoro p-Ha BbniBJieH nojinMopcJ)H3M 
no Ldh-1 n Ldh-2, Aat n 3CTepa3aM, y hp6htckhx — TOJibKO no 3CTepa3aM. 
KocMOLtepKH H3 HpSnTa n ApoMameBO ^ocTOBepHO OTJinnaiOTCfl Me>x,zjy co6oh 
no nacTOTaM reHOB, HH^exc cxo^CTBa no Heio cocTaBHJi 91.7 %, hto cootbct- 
CTByeT Me>Knonyji^LtnoHHbiM pa3JiHHH^M. PacnpeztejieHne nacTOT reHOTnnoB 
b apoMameBCKon nonyji^nnn C. ornata He paBHOBecHO, a HaGjno^aeMafl reTe- 
p03HT0TH0CTb CHH)KeHa no CpaBHeHHK) C O^H.aaeMOH. 

B nccjie^OBaHHbix nonyjuniHflx napa3HTOB n xo3^eB mo>kho BH^eTb HexoTO- 
poe cxo^ctbo reHeranecKOH CTpyKTypbi. B 6ojibuiHHCTBe nonyjMiLtHH Rax Jiary- 
meK, Tax h rejibMHHTOB o6Hapy>xeH nojiHMop(j3H3M no Jioxycy Es-1, o6ycjiOB- 
jieHHbin HajiHnneM Tpex ajuiejiefi, H3 xoTopbix npeoGjia^aeT MezfneHHbiH aji- 
jiejib, a 6 bicTpbin ajuiejib noBceMecTHO pe^ox hjih OTcyTCTByeT. 3 to cxo^ctbo, 
no Been bh^hmocth, xoHBepreHTHoe n CB5i3aHO c xooBOjnortHeH napa3HT0B n 
xo35ieB, npHcnoco6jieHneM x cxo^hbim axoHornnecKHM ycjiOBHAM. 
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Phc. 2. /leH/iporpaMMbi reHGTrmecKoro cxojtCTBa nonyjumiiH. 

a — ocTpoMop;iOH jiaryiiiKH, 6 — Haplometra cylindracea, « — Oswa ldoer i iziafil iform is, ^ — Rhcibdias bufo- 

nis. 

Fig. 2. Dendrograms of genetic similarities between populations of moor frog and between populati¬ 
ons of the helminthes. 

Ha ocHOBaHHH nacTOT rcHOB cwmaKOBoro HaSopa 6ejixoBbix jroKycoB jia- 
ryiiiKH h rejTbMHHTOB nocTpoeHBi ACH^porpaMMti reHeTHHecxoro cxo^CTBa 
pa3Hbix nonyjiMUHH (pnc. 2), KOTopwc no3BOJi5HOT yBH^eTb, hto xapaxTep mox- 
nonyjiMUHOHHoro rcHCTHHecKoro cxo^cTBa y napa3HTOB Mo>xeT 6biTb xax cxojx- 
HblM C TaKOBbIM y X035IHHa, TaK H OTJTHHHbIM OT Hero. TaK, HeMaTO^bl R. bufonis 
HMeiOT OAHHaKOBblH C X035IHHOM XapaKTep CXO^CTBa, a ^eH,aporpaMMbI CXO^CT- 
Ba pa3Hbix nonyji^uHH TpeMaTo# H . cylindracea w HCMaTOA O.filiformis ojxuo- 
THnHbi, ho OTjiHHaiOTOi ot TaxoBOH xo3HHHa, hto cBH^eTejibCTByeT o HecoBna- 
jXQumi BHyTpHBH^OBOH CTpyKTypbi jmrymex h ee napa3HTOB b npocTpaHCTBe. 
Me>taionyjniuHOHHbie pa3JiHHH5i y rejibMHHTOB Bbipa>xeHbi CHJibHee, neM y nn- 

rymex. Y jwrymxH noKa3aTejiH cxo^CTBa nonyjiHUHH cocTaBjnnoT 93—99 %, y 
rejibMHHTOB 87—99 %. 3 to, Bepo^rmo, 5iBJi5ieTC5i cjie^CTBneM MeHbmeH cno- 
co6hocth k Me>KnonyjT^u,HOHHOMy o6MeHy y napa3HTHHecKHX >khbothbix no 
CpaBHeHHK) CO CBo6o^HO>KHBymHMH. npHHCM, Me)XnonyjIflLtHOHHbie pa3JIHHHfl 
y TpeMaTO^ Bbipa>KeHbi cnjibHee, neM y HeMaTO#. 3 to mo>xct 6biTb CB5i3aHO c 
Gojibrnen pojibio b MHKpoTBOJuoifHOHHbix npoueccax y TpeMaTO^ reHeTHnecKO- 
ro ^pen(})a h MeHbuieH bcjihhhhoh noTOxa reHOB H3-3a cba3h c Majiono^BH>K- 
HbiMH nepBbiMH npoMe>xyTOHHbiMH xo35ieBaMH (Eeop, 1999). 

Ba>KHeHmeH xapaxTepHCTHxon jho6oh nonyji^ifHH KBji^eTCH ypoBeHb ee re- 
HeTHHeCKOH H3MCHHHBOCTH. Ee BeJIHHHHa CKJia^blBaeTCfl B npoifecce 3BOJHOUHH 
xax pe3yjibTaT a^anTaunn nonyjiflUHH x xoHxpeTHbiM ycjioBHHM cpe^bi w orho- 
BpeMeHHo cjiy>xHT ycjiOBneM coxpaHeHHfl nonyji^ifHH npn hx H3MeHeHHH (Aji- 
TyxoB, 1995). YpoBeHb H3MeHHHBOCTH onpe^ejineTCH mhothmh (JiaxTopaMH — 
reHeTHHecxHMH npoueccaMH, nponcxozpnnHMH b nonyjiflUHH, oeo6eHHOCT5iMH 
3BOJHOUHH TaxcoHa, cocTO^HHeM cpejjbi o6iiTaHHH (HMameBa, 1999; Mhjihui- 
HHXOB, 1 999). MHOTHe aBTOpbl CXJlOHHbl CHHTaTb, HTO TJiaBHblM 4^dXTOpOM 
b no^ep>xaHHH reHeTHnecxon H3MeHHHBoe™ ABjiaeTCfl cpe^OBas reTepo- 
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reHHOCTb (Maiip, 1974; rjia3ro, 1985; XonanKa, CoMepo, 1988; Me>K>KepHH, 
1992). Henocpe^CTBeHHoii cpe^oii o6HTaHH5i 3H^onapa3HTOB cjiy>KaT opra- 

HH3MBI HX X03^eB. C TOHKH 3peHHfl BeJIHHHHbl H3MeHHHBOCTH OpraHH3MeHHafl 
cpe^a HMeeT ^Be Ba>KHbie oeo6eHHOCTH. C cmjhoh ctopohm, napa3HTHHecKHe 
opraHH3Mbi >KHByT b ycjiOBHHX BbicoKoynopH^OHeHHoro reHeTHnecKoro ynpaB- 
jieHra. BHyTpeHHHH cpe^a opraHH3MOB 6ojiee o^Hopo^Ha, hqm cpe^a, oxpy>Ka- 
lomaa hx. OHa MeHee no,itBep}KeHa cjiynaHHbiM B03^eHCTBMM, neM OKpy>KaK)- 
maa a6HOTHHecicafl cpe^a (fleTpoB, 1993). 3th oco6eHHOCTH cnoco6cTByioT 
6ojiee HH3KOMy ypoBHio reHeTHnecKOH h3mchhhbocth napa3HTHHecKHX opra- 
hh3mob. riapTeHoreHeTHHecKoe h 6ecnojioe pa3MHO>KeHHe, CBOHCTBeHHbie 
mhothm napa3HTaM, 6jiaronpHHTCTByioT 3TOMy. C xtpyroH CTopoHbi, OHToreHe- 
THHeCKHe UHKJlbl MHOTHX napa3HTOB peaJ!H3yK)TCH B HeCKOJlbKHX pa3J!HHHbIX 
nonyjBmHflx pa3Hbix (ot ozmoro £0 HeCKOJlbKHX ^cchtrob) bh^ob, jihhhh, reo- 
rpac|)HHecKHx h30juitob, pac, no^BH^OB xcmeB. KpoMe toto, rjw napa3HTOB xa- 
paKTepHbi Bbicoxa^ hhcjichhoctb, mio^OBHTOCTb h KopoTKoe BpeMfl reHepauHH. 
Bee 3th oco6eHHOCTO zioji^cHbi o6ycjiOBJiHBaTb BbicoKyio reHeTHnecKyio H3- 
MeHHHBOCTb napa3HTHHeCKHX OpraHH3MOB. 

Bee H3yneHHbie bh^h reubMHHTOB nojiHrocTajibHbi h uinpoxo pacnpocTpa- 
HeHbl (PbI>KHKOB H £p., 1980), n03T0My MbI MOTJ 1 H 6bl 0>KH^aTb BbICOKHe nOKa- 
3aTejiH H3MeHHHBOCTH, conocTaBHMbie hjih npeBbimaiomHe aHajiorHHHbie na- 
paMeTpw nonyjHiuHH xo3hcb h CBo6o^Ho>KHBymHx bh^ob 6ecno3BOHOHHbix. 
no o6o6meHHbiM ^aHHbiM Anajibi h Kanrepa (1988), cpe^HHe oijeHKH H3MeH- 
HHBOCTH RJlft 57 BH£OB 6ecn03B0H0HHbIX paBHbl COOTBeTCTBeHHO 0.469 H 0.130. 
no HaiHHM ^aHHblM, yCpC^HCHHbie nOKa3aTeJlH reHCTHHCCKOH H3MeHHHBOCTH 
nonyji5H;HH y Tpex H3 HCTbipex H3yneHHbix bh,hob reubMHHTOB juirymeK oxa3a- 
JiHCb HH^ce, neM y xo3^HHa, h HH>Ke cpe^HHx noKa3aTejien CBo6o^HO>KHBymHx 
6ecno3BOHOHHbix >KHBOTHbix, h TOJibKO y HeMaTO^ Cosmocerca ornata npeBbi- 
maioT hx (Ta6ji. 3). Bee H3yneHHbie bh^m reubMHHTOB HMeiOT pa3Hbie >KH3HeH- 
Hbie uHKJibi. y TpeMaTO^ H . cylindracea h HeMaTO^ R . bufonis npHHHHOH, cno- 
coOcTByiomeH CHH>KeHHio CTeneHH reTeporeHHOCTH hx nonyjiHUHH, MO>xeT 
cny>KHTb HajiHHHe b ^cH3HeHHOM uHKJie napTeHoreHeTHHecKHx noKOJieHHH. Cy- 
^ceHHan reHeTHHecKan H3MeHHHBOCTb MapHT TpeMaTO^ MO>xeT 6biTb pe3yjibTa- 
tom npoxofqjeHHfl nepe3 «6yTbiJiOHHoe ropjibmiKo» Ha npe^mecTByiomeH CTa- 
rk h >KH3HeHHoro u,HKJia. B pa^e pa6oT c Hcnojib30BaHHeM nU,P o6Hapy>xeHa 
BbICOKafl reHeTHHeCKa5I H3MeHHHBOCTb pa3J!HHHbIX CTa^HH MHOTHX BH£OB Tpe- 

MaTO^ (XajiTypHH h ^p., 2000; XpHcaH(J)OBa h jsp., 2003; CeMeHOBa, 2004; 
XpncaH(j}OBa h ^p., 2005; Mopo30Ba xtp., 2006; XpncaH(j)OBa h ztp., 2006). He- 

T a 6 ji h u a 3 

noKa3aTejin reHeTHnecKofi h3mch4hbocth jiMryujKH h rejibMHHTOB 


Table 3. Indices of genetic variability in moor frog and helminthes 


Bll/lbl /KHBOTHbIX 

riOJIHMOp(|)HOCTb, 95 % 

T eTepo3iiroTHOCTb 

OcTpoMop^a>i ji^ryiiiKa 

0.388 

0.139 

Haplometra cylindracea 

0.238 

0.095 

Os \ va l d ocruzi a fil [form is 

0.215 

0.080 

Rhabdias bufonis 

0.298 

0.122 

Cosmocerca ornata 

0.528 

0.160 
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COOTBeTCTBHe OIjeHOK H3MCHHHBOCTH, nOJiyneHHblX MeTO/],aMH 6eJlKOBOrO 
rejib-3JieKTpo(})ope3a h nLj,P, o6ycjioBjieHo oco6eHHOCTHMH npHMeH^eMbix re- 
HeTHMeCKHX MapKepOB. OueHKH H3MCHHHBOCTH, nOJiyMaeMbie npH H3yMeHHH 
^HK, Bcer^a BBirne, neM npn H3yneHHH (JjyHKUHOHajibHO Harpy^ceHHbix 6ejixo- 
bbix jioKycoB (AjiTyxoB, 2003). Y HeMaTOA R. bufonis napa3HTHHecKaH CTa^HH 
caMa HBJiHeTCH napTeHoreHeTHnecKOH (LLIyjibu, Fbo3acb, 1972). Ecjih y R. bu¬ 
fonis h H. cylindracea mo>kho HaiiTH reHeranecKyio npHHHHy noHH^eHHOH H3- 
MeHHHBOCTH, TO HH3KHe nOKa3aTeJIH nOJIHMOp4)HOCTH H reTep03HT0TH0CTH Os- 
waldocruzia filiformis — napa3HTa c npocTBiM >KH3HeHHbiM uhkjiom h pa3AeJib- 
HonojiBiM pa3MH0^ceHHeM, o6t.hchhtb Tpy/jHO. Mo>kho npeAnoJio^cHTB, hto b 
OTHO ineHHH 3THX BHAOB rejibMHHTOB BM(|)h 6 hH npeACTaBJieHHfl O IHHpOKOM 
pacnpocTpaHemiH h nojiHrocTajibHoc™ oiuh6ohhbi, h mbi HMeeM rqjio c pa3- 
HblMH BH^aMH HJIH nOABHAaMH, paCIIpOCTpaHeHHBIMIl 6oJiee JlOKaJIBHO H c 60- 
Jiee y3KOH rocTajitHOH npHyponeHHOCTbio. Hmciotch ABHHbie o HajiHHHH bh- 
Aob-abohhhkob y K»KHoaMepHKaHCKHx npe^CTaBHTejieH poAa Rhabdias , hto 
no3BOJifleT npeAnojiaraTb hx HajiHHue h y Hameii (})ayHbi (Pbdkhkob 

h AP-, 1980). Ha HajiHHHe cjio>khoh BHyTpHBHAOBOH cTpyKTypbi y Oswaldo- 
cruzia filiformis yxa3biBaeT Pbdkhkob h AP- (1980). MHeHHe o 6onee y3KOH 
rocTajitHOH npnypoHeHHOCTH napa3HTOB pa3AeJi5ieT KeHHeAH (1978). 


3AKJ1H3HEHME 

Kax noKa3aji aHanro nonyjwuHH ocTpoMopAOH JinryuiKH h ee rejibMHHTOB, 
napa3HTbi h xo3^eBa MoryT hmctb cxoAHtie hjih pa3JiHHaioiUHecfl b npocTpaH- 
cTBe nonyji^AHOHHBie CHCTeMBi, mo onpeAenHeTCH oco6eHHOCTOMH KOHKpeT- 
HBIX yCJIOBHH oOHTaHHH nonyjIHUHH H OCo6eHHOCT^MH npOTeKaiOmHX B hhx re- 
HeraHecKHx npoueccoB. Hactotbi tchob no JioxycaM, KOAnpyioiUHM oAHHaxo- 
Bbie OejiKM, b conp^eHHbix nonyjDiUHflx napa3HTOB n xo3^eB He coBnaAaiOT, 
npocTpaHCTBeHHoe BapbnpoBaHne nacTOT reHOB nponcxoAHT He CHHxpoHHO. 
3T0 flBJlfleTCfl CJieACTBHeM pa3HbIX BeJIHHHH H3MeHHHBOCTH, HanpaBJieHHH H 
ckopocth ecTecTBeHHoro OT6opa. CocTo^HHe reHeTHnecKOH CTpyKTypbi nony- 
JDIUHH y pa3HbIX BHAOB reJlbMHHTOB B OAHHX H Tex 7KO yCJIOBHHX MO)KeT 6bITb 
pa3JiHHHbiM. 3 to onpeAejineTC^ oeoOeHHOCTHMH Ohojiothh BHAa napa3HTa, ero 
TpeOoBaHHHMH K yCJIOBHflM CpeABI H ero B3aHMOOTHOLLieHH5IMH C ApyrHMH KOM- 
noHeHTaMH 6noueH03a. Ha aHTponoreHHo HapymeHHbix TeppHTopnax reHeTH- 
HecxaH CTpyKTypa rejibMHHTOB co cbo^chbim >KH3HeHHbiM uhkjiom CHjibHee ot- 
KjioHHeTCH ot paBHOBecHH XapAH-BaHH6epra, neM y xo3aeB h rejibMHHTOB c 
npocTbiM ^cH3HeHHbiM uhkjiom. Me>KnonyjDiuHOHHbie reHeTHnecKHe pa3JiHHHH 
y rejibMHHTOB Bbipa^ceHbi CHjibHee, neM y hx xo3«eB — no3BOHOHHbix ^chbot- 
Hbix. noxa3aTejiH reHeTHnecKOH H3MeHHHB0CTH y Tpex H3 neTbipex H3yneHHbix 
bhaob rejibMHHTOB jiHryuieK oxa3ajiHCb HH^ce, neM y xo3HHHa, h HH^ce cpeAHHx 
noKa3aTejieii CBoGoAHo^cHByiunx 6ecno3BOHOHHbix ^chbothbix, hto He corjia- 
cyeTCfl c npeACTaBJieHHeM 06 hx nojiHrocTajibHoc™ h hihpokom pacnpocTpa- 
HeHHH. CTeneHb reHeTHnecKoii AHcjj^epeHunauHH nonyjiHUHH h, Beponrao, bh¬ 
aob y rejibMHHTOB Bbime, neM y hx xo3^eB — no3BOHOHHbix ^chbothbix. 
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CHARACTERISTICS OF THE GENETIC STRUCTURE OF PARASITE 
AND HOST POPULATIONS BY THE EXAMPLE OF HELMINTHES FROM MOOR 
FROG RANA ARVALIS NILSSON 

O. N. Zhigileva 

Key words', helminthes, Rana arvalis , population genetics, protein polymorphism, hetero¬ 
zygosity. 


SUMMARY 

The genetic structure of populations of four helminth species from moor frog Rana ar¬ 
valis , in comparison with the population-genetic structure of the host, has been studied 
with the gel-electrophoresis method. As compared with the host, parasites are characteri¬ 
zed by more distinct deviation from the balance of genotypic frequencies and higher level 
of interpopulation genetic differences. The genetic variability indices in the three of four 
frog helminthes examined are lower than those in the host. Moreover, these indices are lo¬ 
wer than the average indices typical of free-living invertebrates; this fact contradicts the 
opinion on polyhostality of these helminthes and their wide distribution. 
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